Abstract
strategic objective of promoting BIM implementation in Shanghai, requiring that 138 government-funded projects must adopt BIM starting from 2017.
139
Alongside the fast BIM movement in these three countries, challenges in implementing 
BIM pedagogy and learning

151
BIM education and training was identified by Khosrowshahi and Arayici (2012) 
Research Methodology
173
This study utilizes a multiple-case, single-unit of analysis (Gustafsson, 2017) case study 174 method to investigate university students' perceptions of BIM practices among three cases 175 which have been chosen using Simple Random Sampling (SRS) strategy (Berger and Zhang, single-unit analysis of this study is purely statistical -hence the choice of questionnaire 178 survey as the main data collection means for this study, it is crucially important to note that 179 the knowledge claim of this study does not follow that of a pure quantitative methodology.
180
The case study method at the heart of this study, like experiments, bounds the findings of this 181 study to be generalizable to theoretical propositions and not to the populations or universes 182 the samples may seemingly represent. In this sense, the case study, does not represent a
183
'sample', and the investigators' goal is to expand and generalize theories (analytic suggested by Heale and Twycross (2015) . For example, (1) the same questionnaire was 197 reviewed and agreed by BIM instructors from all the three institutions in this study to ensure 198 that the same variables (e.g., students' motivations in BIM-related jobs) were measured; (2) 199 theory evidence was applied by linking students' BIM perceptions to their learning behaviors; 200 and (3) homogeneity (i.e., internal consistency) of BIM categories in the questionnaire was 201 analyzed using Cronbach's Alpha value (Cronbach, 1951) .
202
Three institutions including Swinburne University of Technology (SUT) from Australia, 203 Wenzhou University (WZU) from China, and University of Brighton (UoB) from UK were 204 selected as three cases for the continental comparison of students' perceptions towards BIM-205 practice related questions. They were selected using simple random sampling method and the 206 rationale behind selection of these three institutions was based on the fact that: 
215
To make this study materialise and prior to its launch, BIM educators from all of the three AEC students from the three institutions to ensure that: 1) these questions were clear and 235 easily understood by students; and 2) the questionnaires were delivered by instructors in a 236 consistent approach (e.g. students were provided with proper explanation of the research 237 purpose). The formal questionnaire was then sent to AEC students in SUT, WZU, and UoB
238
between November and December in 2017.
239
The questionnaire consisted of two major sections. The number of total population within each institution referred to the total sample of 331 students who could have BIM learning experience. The number of questionnaires distributed 332 in each institution was counted as students who were willing to participate in the survey after scale score for all items within one section would be considered invalid.
342
Based on the valid questionnaires returned, the background information (i.e. student age,
343
AEC disciplines, learning experience of BIM) of student survey participants from these three 344 universities are also summarized in Table 1 . 
Student perceptions towards BIM function
347
Students were asked of their opinions on BIM functions which reflected their 348 understanding of BIM. Using the five-point Likert-scale format with 1 being "strongly disagree", 3 indicating a neural attitude, and 5 meaning "strongly agree", totally eight 350 different functions listed in Table 2 were ranked according to their RII scores. Excluding 351 those choosing6 indicating that they were unsure of the answer, the statistical information 352 including mean value, standard deviation, item-total correlation (ITC), and Cronbach's Alpha 353 value for the overall student sample are presented in Table 2 .
354
<Insert Table 2 here> 355 The overall Cronbach's Alpha value at 0.8245 suggests a fair internal consistency among 356 students from these three universities, meaning that a student assigning a numerical score to 357 one BIM function is likely to select a close score to the remaining items. According to Table   358 2, the two BIM functions (i.e. BIM as a management tool and as a digital platform) were 359 ranked top based on their higher RII scores with lowest variations among students. These two 360 functions were also the only two items with RII scores over 0.800, or mean scores over 4. 000, 361 indicating that students held the view between "strongly agree" and "agree" towards F5 and 362 F6. In contrast, F1 (i.e. BIM as another software tool) was ranked lowest by students.
363
Students also had the highest variations on F1. F1 was also the only BIM function that was 364 perceived by students differently as they did to other functions, due to its significantly lower 365 ITC with higher Cronbach's Alpha value than the overall value. The overall sample was then 366 divided into the three institutions and their internal consistency within their own institution 367 were analyzed. indicating that WZU students had highly differed perceptions of BIM as a software tool and 373 as a 3D visualization tool. In investigate the subgroup differences, students from these three 374 subgroups were compared of their perceptions using ANOVA. Table 4 reveals that there were significant differences of students' opinions on BIM 378 functions. Although there was no significant difference regarding the overall perception of 379 BIM functions among students from the three institutions, a few subgroup differences in 380 individual items were found (i.e., F5, F6, and F8). It was suggested that SUT students had 
Student perceptions towards BIM's usefulness in different AEC professions
387
Students were asked to rank the usefulness of BIM in various AEC professions listed in 388   Table 5 . Using the Likert-scale format, they were guided to choose a numerical score from 1 389 being "least useful" to 5 suggesting "most useful". Excluding those unsure of the answer, the 390 overall sample analysis is summarized in Table 5 .
391
<Insert Table 5 building services design) received the mean scores over 4.000, indicating that students 399 perceived BIM to be more useful in them. These three items were all related to project design 400 stages. The overall student sample was then divided into three institutions and the subgroup 401 analysis is summarized in Table 6 and Table 7 .
402
<Insert Table 6 here>   403 It can be seen in Table 6 that all the three institutions had generally high internal 404 consistency in their perceptions of these AEC professions however, exceptions can be found 405 within these subgroups. Basically, UoB students had every item in Table 6 contributing to the 406 internal consistency, meaning that UoB students who selected one numerical score to one 407 item would be likely to assign a close score to all other items. WZU students had the largest 408 variation of perceptions over these items. Specifically, they had more diverged opinions of 409 BIM's usefulness in structural design, building services design, and building energy 410 assessment. The architectural design was perceived by SUT students differently. Similar to 411 the finding in Table 5 , these three top-ranked items were viewed by students with more 412 differences. Further subgroup analysis was conducted using ANOVA. Table 8 and Table   429 9. Students were asked to select a five-point Likert-scale score to show their interests in 430 these BIM-related jobs. Based on the numerical score options with 1 meaning "least desired", 431 2 being "not very interested", 3 indicating neutral, 4 denoting "interested", 5 inferring "most 432 desired", the statistical analysis for the overall sample is provided in Table 8 .
433
<Insert Table 8 here>   434 High internal consistency was found in the overall sample according to Table 4 and Table 7 , significant differences among subgroups were found in 453 majority of these individual items in Table 10 . However, differing from Table 4 and Table 7 454 where WZU students showed less positive perceptions in BIM applicability and usefulness, 
Student perceptions on challenges in BIM practice and implementation
459
The last section of the questionnaire targeted student opinions of challenges encountered 460 in BIM practice. These challenges listed in Table 11 were adapted from Jin et al. (2017a).
461
Students were asked to rank the level of challenges, from 1 being "least challenging" to 5 462 indicating "most challenging". Excluding those who selected 6 inferring that they were 463 unsure of the given challenges, the overall sample analysis is provided in Table 11 . Table 11 received the 469 mean scores between 3.000 and 4.000, indicating that students generally held the perception 470 between neutral and "challenging". The lack of client demand, which was identified by 471 Aibinu and Venkatesh (2014) as one of these main barriers in Australia's AEC market, was 472 ranked bottom by the overall student sample. Unlike three previous sections where significant differences were identified among the 485 three subgroups, students from SUT, WZU, and UoB were found with fewer differences 486 regarding their opinions on challenges encountered in BIM implementation. Though in most 487 cases, they were found with consistent opinions on these challenges listed in Table 13 , SUT 488 students were more concerned on the government legislation and incentive policy on 
507
These differences among subgroups could be due to both external and internal factors. professions. Factors causing the significant differences in WZU students remain to be 535 explored, although it could be due to the local BIM climate in China as defined by Xu et al.
536
(2017) where WZU is located, and how the BIM teaching was designed, delivered, and 537 assessed. Some other internal factors that caused WZU student's different perceptions could 538 be further investigated. For example, in this case study, WZU students all came from the 539 same discipline (i.e., CE), with little age variation, and similar learning experience of BIM.
540
These internal factors could lead to WZU students' more consistent views on BIM practice Table 10 and Table 13 ). Further studies are needed to investigate these internal or personal factors affecting 546 individual students' perceptions, such as AEC discipline, age, and prior industry experience.
547
When it came to students' motivation in obtaining BIM-related industry jobs, WZU and 548 SUT students had similar levels of motivation, significantly higher than the motivation of 549 UoB students. It was inferred that students' perceptions of BIM's applicability and usefulness Finally, when asked about their opinions on the challenges encountered in BIM 554 implementation, fewer subgroup differences were found among students across the three 555 institutions, except for the concern on governmental legislation and incentive policy to 556 promote BIM practice. SUT students expressed their concern over the perceived the towards these challenges (i.e., BIM software costs and hardware upgrading) could be due to the higher diversity of SUT student sample in terms of their age groups, BIM learning 571 experience, and AEC disciplinary background.
572
Based on this comparative study, a framework is initiated in Fig.4to illustrate students' 573 BIM learning and practical process. As can be seen in Fig.4 , there is a starting phase corresponding to BIM learning when 577 students started their college BIM courses. In the middle of their BIM learning (e.g., the end 578 of one BIM course), students could have developed their perceptions towards BIM practice. The qualitative discussion following the questionnaire survey and statistical analysis led 
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